Study of the Excitation Control Technology based on the AC Tracking Nonlinear Feedback  by Zhifeng, Gu et al.
Procedia Engineering 15 (2011) 812 – 816
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.08.151
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia
Engineering
   Procedia Engineering  00 (2011) 000–000
www.elsevier.com/locate/procedia
Advanced in Control Engineeringand Information Science 
Study of the excitation control technology based on the AC 
tracking nonlinear feedback 
Gu Zhifeng*, Zhu Changqing, Shao Tianzhang, Zhang Ling, Wang Chuanchuan 
Mechanical Engineering College,  No.97 peace road, Shijiazhuang 050003, China 
Abstract 
Because of the instantaneity and the randomness of the military power station power system, in order to improve the 
performance of the weapon system, based on the structural characteristics of the military power station, the novel 
excitation control technology based on the AC tracking nonlinear feedback is presented. Combined with the high 
frequency signal of the speed sensor, adopting the EKF and the flux observer technology, the state parameters of the 
synchronous generator are simultaneous calculated. Because the sampling delay time is reduced, the control-delay 
and the voltage pulse are decreased. In the end, the superiority and the feasibility of the AC tracking nonlinear 
feedback excitation control technology is proved by simulation. 
© 2011 Published by Elsevier Ltd. 
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1. Background
The military power station power system, composed with the military power station (MPS), the
weapons and equipments (artillery, radar, missile, etc.) and transmission line, is one kind of the small 
power system. Because of the instantaneity and the randomness of the weapons and equipments’ working, 
the higher performance of the excitation system is demanded. Many documents, which introduced the 
methods of improving the dynamic and static characteristics of the power system, can be found. The 
reasons of voltage sag, when the load of the MPS is suddenly increased, are analyzed in the literature (1-2) 
and proved by the simulation. Many novel excitation control technologies, such as nonlinear optimal 
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control, direct feedback linearization control, H∞  control, etc, are introduced in the literature (3-4). 
Because of the long sampling delay, the control overshoot and the voltage pulse always happen and 
influence the safety and the performance of the weapon system. 
In this paper, with the EKF and the flux observer technology, the power angle (δ ), the amplitude and 
the phase of the Air-gap field (amplitude, phase) are real-time estimated [5]. According to the estimated 
values, the reference voltage, which has the same frequency and phase with the terminal voltage of the 
synchronous generator, is designed. Comparing the reference voltage with the terminal voltage us, 
combined with the state values of the synchronous generator, the AC tracking nonlinear feedback 
excitation technology is presented. 
2. The realization of the AC tracking excitation technology 
According to the voltage and flux equation, the vector diagram can be shown as figure 1. The d-q is the 
rotating coordinate system of the rotor. The D-Q is the static coordinate system of the stator. The M-T is 
the rotating coordinate system of the Air-gap Field. As shown in figure 1, when the direction of the air-
gap field is determined, the phase of the terminal voltage us can be known.  
 
 
 
 
 
 
 
 
Fig.1 the vector diagram of the salient-pole synchronous generator 
When the load is increased abruptly, the Air-gap field δϕ instantaneously leave the direction of the fϕ . 
The amplitude of the Vs will decrease immediately, which is inevitable. The decrease in Vs is closely 
related with the reactive current and the transient reactance [1] of the synchronous generator. 
The electronic governor has been applied widely in the MPS. The flywheel and the speed sensor are 
installed on the MPS. The number of the teeth of the flywheel is usually fixed. The location relation of the 
flywheel and the speed sensor is shown as figure 2. 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 the location relation between the flywheel and the speed sensor 
When the time delay of the two adjacent teeth of the flywheel at the same position is recorded, the 
value of the ω  can be calculated. Through comparing the wave form of the Vs and speed sensor output 
signal, the location relation of the stator windings and the rotor can be confirmed. When the tooth of the 
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flywheel pass through the speed sensor, the data of the sine wave data list, recorded in the ROM of the 
CPU, is extracted, and the reference voltage Vref is formed. 
When the load is suddenly increased, the position between the stator windings and the rotor is changed.  
The variation of the position is proportional to the amplitude of the δ . At the same, the phase of the Vref  
will change. In order to confirm the phase of the Vref, the value of the variable γ ,  δ and θ  need to be 
estimated in real-time with the EKF and flux observer technology. In this way, the frequency and the 
phase of the Vref is same to the Vs. In the proceeding of the real-time estimation, the value of the Pe、Qe、
ωΔ  can be calculated. Figure 3 is the functional block diagram of the control system. 
  
 
 
 
 
 
 
 
Fig.3  the functional block diagram of the AC tracking excitation system  
2.1. The state estimation of the synchronous generator 
In the D-Q coordinate system, the mathematical model of the synchronous generator is as follows: 
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The state equation of the mathematical model can be expressed as follows:  
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The discrete equation of the state equation can be expressed as follows: 
)()()())(()1( kVkukDkxfkx ++=+ ,  )()()()( kWkxkCky +=
)(kV  (the model interference) and  ( the measurement interference) are the null mean white noise, 
The value of 
)(kW
γ , iD, iQ, rω  can be estimated by means of the EKF. When the value of the γ is known, the
id and the iq can be calculated by park transformation.  
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δ
2.2. Air-gap field oriented technology 
When the value of the id and the iq is known, the air-gap field can be defined through flux observer, 
which is shown as figure 4. The phase lag between the us and the ϕ  is 90°. 
 
 
 
 
 
 
 
 
 
 
Fig.4  the functional block diagram of the flux observer 
The flux observer is based on the equation of the d-axis flux and q-axis flux.  The d-axis flux equation 
is expressed as follows: 
DdladDd ϕϕϕ += ， ，  DdlDdDdl Li=ϕ )( Ddfdadμdadad iiiLiL ++==ϕ
The q-axis flux equation is expressed as follows: 
DqlaqDq ϕϕϕ += ， DqlDqDdl Li=ϕ ， )( Dqqaqμqaqaq iiLiL +==ϕ  
3. The nonlinear excitation control 
The harmonic excitation synchronous generator (HESG) is applied widely in the military power station 
[6].  The non-affine nonlinear mathematic model of the HESG is expressed as follows： 
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can be exact feedback linearization.  The value of the excitation voltage Vf can be expressed as follows: 
)))14.2((2.29)(-)((1(
.
0
'
d
d
2
e
'
de
t
de
t
ead
f
f ∫ Δ−+Δ+Δ+Δ
∑
++= ωωω
ω
ω
H
DdtHT
x
VQTP
V
xQV
Px
rV s‘
                                     (3) 
In the equation 3, the value of the variable can be calculated through the AC tracking excitation 
technology. 
4. Simulation results 
According to the AC tracking nonlinear feedback excitation technology, the military power station 
power system, which is composed with the power station (AC400V/50Hz, 200Kva, 3000r/min), 
inductance load, is simulated. 
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The parameters of the HESG are as follows: 
xd=7.338pu, x’d=1.503pu, x’’d=1.51pu, xq=3.613pu, x’’q=2.613pu, T’d0=0.52s, T’’d0=0.52s, 
rf=4.0385 , Xf=8.862pu, r3=0.88 。 In the traditional excitation method, the time lag of the 
measurement system isTr=30ms，the parameters of the AVR are Ta=5ms, Ka=300.  
Ω Ω
When the rated load is suddenly increased at 0.5s and decreased at 2s, the variation with amplitude of 
the excitation voltage Vf, the power angle and the terminal voltage Vs is shown as the figure 5. The Vf is 
lined in red line. The power angle is lined in blue. The Vs is lined in green. 
 
 
 
 
 
   
                                                (a)                                                                                     (b) 
Fig.5  the compare of the Vf, power angle, Vs, when the  rated load is suddenly increased 
Figure 5(a) shows the characteristics of the traditional military power station. As the figure 5(b) 
shows, when the new excitation technology is applied, the performance will be improved. 
5. Conclusion 
In this paper, according to the features of the military power station power system, in order to improve 
the performance of the power station, the AC tracking nonlinear excitation control method is proposed, 
whose implementation method is introduced in detail. Through the theoretical analysis and the 
simulation, which is based on the specific parameters of the military power station, the feasibility and 
superiority of the proposed excitation method is proved. 
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